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2574component. Therefore, the pressure decomposition
presented in their analysis is rather improper for ﬂuid
dynamics, and we do not believe that it should be
used for such a purpose.
In conclusion, this letter aims to bring attention to
the analyses reported by Martínez-Legazpi et al. (1)
and the supporting editorial views on the article (2).
Although the concerns raised here are highly tech-
nical, we believe that they may have an impact on the
validity of the reported methodology and results, and
consequently, their clinical implications. We hope
that the present letter clariﬁes these technical, albeit
fundamentally signiﬁcant, points on this published
study (1).Gianni Pedrizzetti, PhD
Pavlos P. Vlachos, PhD
William C. Little, MD
Fotis Sotiropoulos, PhD
Morteza Gharib, PhD
*Arash Kheradvar, MD, PhD
*Department of Biomedical Engineering, and Medicine
University of California Irvine
2410 Engineering Hall
Irvine, California 92697
E-mail: arashkh@uci.edu
http://dx.doi.org/10.1016/j.jacc.2014.12.076
Please note: Dr. Little is a consultant for Medtronic, CVRx, CorNovus, and
CorAssist. All other authors have reported that they have no relationships
relevant to the contents of this paper to disclose.
RE F E RENCE S
1. Martínez-Legazpi P, Bermejo J, Benito Y, et al. Contribution of the dia-
stolic vortex ring to left ventricular ﬁlling. J Am Coll Cardiol 2014;64:
1711–21.
2. Sengupta PP, Narula J, Chandrashekhar Y. The dynamic vortex of a beating
heart. Wring out the old and ring in the new! J Am Coll Cardiol 2014;64:
1722–4.REPLY: Comments on Deﬁning the
Contribution of Diastolic Vortex Ring to
Left Ventricular FillingWe read with great interest the letter by Pedrizzetti
and colleagues Because our study (1) has raised some
concerns among these investigators, here we are
pleased to reassure the readers of JACC about the
validity of our ﬁndings.
The impact of a vortex on the intraventricular ﬂow
is conditioned by its effects on the chamber’s wall
movements, which cannot be predicted a priori
without considering the mechanical properties of
the walls and the momentum exchange between the
walls and the ﬂuid. It is true that uncoupling these
effects from the rest of the ﬂow is a challenging taskthat must be accomplished while enforcing ﬂuid dy-
namics conservation laws. We were aware of this
issue from the very onset of our study design. Thus,
we deﬁned that a fraction of wall velocity is caused by
the vortex. This fraction was entered as a single free
parameter (lambda, in our Online Appendix) in our
calculations.
Making use of a novel iterative method, we upda-
ted lambda until mass conservation was ensured.
Brieﬂy, we started the calculation of the vortex ﬂow
with the assumption of rigid walls and thus null
lambda. This resulted in values of ﬂow velocity be-
tween the tips of the mitral valve, which were not
null. Inﬂow volume was measured by time inte-
grating this localized velocity under a 1-dimensional
ﬂow assumption. Note that this 1-dimensional ap-
proximation has been routinely used by the authors
of the letter (2,3) and by others (4) for measuring
inﬂow and has provided important new insight
into left ventricular physiology. Finally, we updated
lambda and repeated the procedure until the new
transmitral inﬂow volume matched the expansion
volume dictated by lambda. Importantly, conver-
gence was achieved in fewer than 5 iterations in all
cases. Furthermore, convergence to the same value of
lambda was achieved regardless of the initial as-
sumption about wall motion (i.e., the same result was
obtained for any initial value of lambda), and the
measured inﬂow volume was only slightly altered by
the change in boundary conditions.
By using this method we were able to demonstrate
some of the physiological implications of intraven-
tricular vorticity in a clinical scenario using clinical
measurements. This was one of the major strengths of
our paper, as emphasized by the reviewers and the
accompanying editorial (5).
Regarding the second concern of Pedrizzetti and
colleagues, which related to the conservation of
momentum, we estimated the rotational velocity ﬁeld
directly from the measured velocity ﬁeld. The latter is
the result of the balance of ﬂuid momentum pressure
and the ﬂuid-structure interaction with the ventric-
ular walls. It is from the resultant velocities that we
reconstructed the pressure gradient ﬁelds and not
vice versa. This approach has also been used before
by the authors of the letter to the editor (3).
Thus, no physical law was inappropriately used in
our study. Although the numerical values reported
are approximate, we would like to reinforce the val-
idity of our results and their clinical implications.Pablo Martínez-Legazpi, MEng, PhD
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Cholesterol-Overloaded
Particles (HDL-C/HDL-P),
HDL-C, and HDL-P With
Increased Carotid Plaque
Progression Depend on
Adjusting for Each Other?Qi et al. (1) report that higher levels of the ratio of
high-density lipoprotein cholesterol (HDL-C)/high-
density lipoprotein particles (HDL-P) are associated
with carotid plaque (CP) progression in Chinese
adults (1). Their Central Illustration shows that within
each HDL-C tertile, the risk of CP progression in-
creases with lower HDL-P tertile, but that the relative
risk (1.55) is signiﬁcant only for those in the lowest
HDL-P tertile and highest HDL-C tertile versus the
highest tertiles of both HDL-P and HDL-C (1). Results
were similar in MESA (Multi-Ethnic Study of Athero-
sclerosis), with the thickest carotid intima-media
thickness in the lowest tertile of HDL-P but highesttertile of HDL-C (2). These results also agree with
the results of MESA (2) JUPITER (Justiﬁcation for the
Use of Statins in Prevention: An Intervention
Trial Evaluating Rosuvastatin) (3), HPS (Heart Pro-
tection Study), EPIC-Norfolk (European Prospective
Investigation into Cancer and Nutrition), IDEAL
(Incremental Decrease in End Points through
Aggressive Lipid Lowering), and other studies
that found that HDL-P is inversely associated
with atherosclerosis, coronary heart disease, and
cardiovascular disease (CVD) events, independent of
HDL-C, LDL-P, or apolipoprotein A-1 (apoA-1) and
apolipoprotein B (apoB) and also that higher HDL-C
(and larger mean HDL particle size) are not associ-
ated or are positively associated with atherosclerosis
and CVD when adjusted for levels of HDL-P, apoA-1,
LDL-P, and/or apoB. Yet, surprisingly, Qi et al. (1)
reports signiﬁcant associations of higher HDL-C/
HDL-P ratio, and lower HDL-C, but not HDL-P, with
CP progression and total plaque area. However, the
hazards ratios (HRs) for HDL-C/HDL-P, HDL-C and
HDL-P are only reported from models that simulta-
neously adjust for each other, as well as many corre-
lated covariates. Therefore, these HRs show only that
higher HDL-C/HDL-P is associated with CP progres-
sion at a given level of both HDL-C and HDL-P, but do
not show individual associations of HDL-C/HDL-P,
HDL-C, or HDL-P with CP progression. To fully un-
derstand these new results and their relation to pre-
vious studies, associations of HDL-C/HDL-P, HDL-C,
and HDL-P with CP should also be reported in separate
models, adjusted only for age, sex, smoking, diabetes,
body mass index, systolic blood pressure, with and
without LDL-P, and then adjusted for each other
separately (i.e., HDL-C/HDL-P and HDL-C, or HDL-P
with HDL-C).*Rachel H. Mackey, PhD, MPH
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